We examined the apparent value of questions of functional status and mental score in determining the risk of hip fracture from a large retrospective case-control study undertaken in six countries. Of nine questions utilized in 75% of the MEDOS study population, four questions were found to be statistically significant and independently related to the risk of hip fracture. From this an additive score was devised with three points for not being able to wash or dress, six points for not knowing one's age, and ten points for not knowing the day of the week, which gave a gradient of risk of 5.7 when categorized into quartiles. Similar gradients of risk were observed in all countries. A less than perfect score was associated with a specificity of 79% and sensitivity of 46%, comparable to the power of bone mineral density measurements. The risk factor score accounted only partially for the increase in risk associated with dementia, cardiovascular accidents and parkinsonism. We conclude that the steep gradient of risk associated with this simple score should be evaluated prospectively.
Introduction
Of the complications of osteoporosis, hip fracture has the greatest morbidity and socio-economic consequences [1] . Its incidence increases exponentially with age in parallel with the decline in bone mineral density, which appears to continue progressively throughout later life [2] . Much interest has focused on the identification of individuals at risk, in particular by the use of bone mineral density. For every standard deviation decrease in bone mineral density, the risk of hip fracture increases 1.5 to 3-fold-depending on the site and method of assessment [3] [4] [5] [6] [7] [8] .
The gradient of risk associated with many clinical risk factors has been assessed predominantly in crosssectional population studies. In general, they have proved to have low sensitivity and specificity in relation to vertebral or hip fracture risk and in predicting bone mineral density [9] [10] [11] . Several risk factors, including those capturing neuromuscular, cognitive and mental function, appear to be strongly related to the risk of hip fracture [12] [13] [14] . In a cross-sectional study we have previously shown that comorbidity and mental score were important risk factors [15] . The general aims of this study were to devise a prognostic score from questions on mental function and functional capacity. Further aims were to determine the extent to which the score might account for the risks associated with comorbidity, and in addition to develop a simple score that might be used in prospective studies.
Material and Methods
The material for this study was derived from the Mediterranean Osteoporosis Study (MEDOS), a component of which was a retrospective, population-based, case-control study on risk factors for hip fracture. The study was conducted in 14 centres in six southern European countries; Turkey, Greece, Italy, France, Spain, and Portugal. Investigators from each of the 14 centres collected information from patients identified with hip fractures that occurred within a defined catchment area during one year [13] . Two controls were, if possible, matched to each case by age and sex. The study has been described in detail elsewhere [16] . In short, 2810 newly fractured cases at 50 years of age or older and 4664 controls were interviewed. Three centres (Rome, Parma, and Samssun) were excluded from the study population in this analysis because functional status had not been fully assessed in the control groups.
Information on medical history, functional capacity, mental status, social background, religion, life-style, anthropometric data, gonadal status, exposure to risk factors, etc. was collected by trained interviewers using a structured questionnaire and optical computerization. The questionnaire and the reproducibility of the questions has been presented in detail elsewhere [17] .
The distributions of age, sex, centre, body mass index (BMI), functional capacity and mental score among cases and controls are presented in Table I .
Risk estimates were calculated using unconditional logistic regression. All risk estimates included multivariate adjustment for differences between cases and controls in age and the proportion of individuals with a previous fracture for reasons previously described [16] . The adjustment of risk estimates also accounted for the variable case/control ratio at different 
Results
In a stepwise regression with adjustment for age, sex, BMI, previous fractures and centre effects, two questions on mental status (knowledge of age and day of week) and two on functional status (being able to dress and to wash unaided) were identified as significant and independent risk factors for hip fracture (Table II) . Using the regression coefficients from this analysis a summary score was devised. Three points were added if a subject could not dress, three points if a subject could not wash unaided, six points if the subject did not know his or her age, and ten points if the subject did not know the day of week. The score could range therefore from 0 to 22. To facilitate the interpretation of the score it was categorized into four categories; 0 points (moderate risk), below 10 points (increased risk), 10-15 points (substantial risk), and more than 15 points (high risk). The distribution of cases and controls in relation to this staging system can be seen in Table III. To investigate the internal validity of the scoring system, a separate analysis was performed for each country and this showed a fairly consistent gradient of risk (Figure) .
When using the score as an adjustment factor, the relative risk of hip fracture among patients with parkinsonism decreased by about 25% from 1.5 to 1.2 as compared with patients without parkinsonism; by about 33% from 2.0 to 1.5 among patients with stroke; and by 54% from 3.9 to 1.8 in patients with dementia. Thus, the risk of hip fracture associated with these diseases was only partially accounted for by the risk score.
Discussion
The use of bone mineral density as a prognostic factor for hip fracture risk is now well validated [1] . There are, however, a number of additional factors that have been identified which contribute independently to the risk of hip fracture. Examples include neuromuscular co-ordination [14] , and, in women, the length of the femoral neck [18] . In this study we have identified a steep gradient of risk associated with impaired mental and functional capacity, but in the absence of bone mineral density measurements it is not possible to determine to what extent this is an independent risk, perhaps related to the risk of falling. The risk of hip fracture is increased in individuals with cardiovascular disease, parkinsonism and dementia. The questionnaire that we devised accounted for only a component of this risk.
The relative risk of hip fracture among patients characterized by a high risk as compared with a moderate one was 5.7. This is not far from the relative risk of 8.4 in women characterized by both a low bone density and a low cognitive function in the study by Porter et al. [12] . The sensitivity in that study was not more than 30% whereas the specificity was higher (89%). The sensitivity using the current score, i.e. when considering a perfect score versus less than perfect, is somewhat higher (46%) but the specificity is somewhat lower (79%).
Although the sensitivity and specificity of the risk factor score we devised are relatively low, it is important to recognize that the risk factor information is collected cross-sectionally and not prospectively. When risk factors for hip fracture are assessed in this way, their performance characteristics are lower since many individuals with risk factors do not have fractures, though may do so in the future. When bone mineral density is assessed in cross-sectional manner the sensitivity and specificity to 'detect' vertebral fracture or Colles' fracture is comparable [19, 20] . Thus, the gradient of risk that we describe is at least as good as bone mineral density assessed in this way.
It is of interest that in our elderly population (mean age approximately 80 years) the prevalence of an imperfect score within the control community affected about one fifth of individuals. Because both relative risk and prevalence are high, the attributable risk is also high. The attributable risk according to the score categories is about 9.5% for the second category of risk (increased risk), 9.7% for the third (substantial risk) and 12.4% for the fourth category (high risk). The high total attributable risk (31.6%) suggests that the scoring system might be used to identify elderly individuals in whom intervention was most required, albeit with low sensitivity. The risk of hip fracture depends partly on the biomechanical competence of bone, and in part on the risk of falling and the type of fall. It is likely, therefore, that a combined assessment of these independent risks would provide an assessment of sufficient predictive value to direct pharmacological or other interventions.
The principal drawback in the interpretation of our findings is the cross-sectional nature of the data collection and its inherent problems. In addition, dementia was a common reason for not interviewing patients. This sampling bias would, however, strengthen rather than weaken the associations we found. On the other hand, mental dysfunction may also arise following a fracture, particularly in elderly subjects. This would weaken the true association. Our findings suggest that prospective studies would be of interest to validate our hypotheses.
